Abstract -An organic-mineral fertilizer based on humic substances (HSs) and potassium was developed based on the alkaline extraction of HSs from peat. The HSs have interesting properties for use as a fertilizer since they improve the physical and chemical structure of the soil and provide a source of organic carbon which is readily absorbable by the plants, whereas potassium is a primary nutrient for plants. It was found that highly decomposed peats containing a small inorganic fraction are more favorable for the extraction of HSs. Using these peats, organic-mineral fertilizers that meet the Brazilian legislation have been obtained for a peatextractant mixture containing 2.57 wt% total organic content (TOC), a K 2 O/TOC ratio of 1 wt% and an extraction time of 12 hours.
INTRODUCTION
Organic matter applied to the soil favors the development and growth of plants because it supplies macro-and micronutrients, reduces soil toxicity through heavy metal complexation (Brown et al., 2000) , improves the physical and chemical characteristics of the soil and prevents nutrient loss by leaching (Kiehl, 1985; Stevenson, 1994) . Organic fertilization of soil reduces or even precludes the need for agrochemicals and mineral fertilizers (Penteado, 2000) , the extensive use of which results in economic and environmental imbalances. Whenever possible, organic fertilization relies on the use of manure, culture alternation, green fertilization, composting and biological control of pests and diseases. With its 1.77 million hectares of land area certified for organic agriculture, Brazil occupies the world's third position. With regard to land for extractivism, its 6.18 million hectares place this country in the 2 nd place (IFOAM, 2012) . Fifteen thousand certified properties, 70% of which represent family agriculture, respond for 3.8% of the world consumption of organic agriculture, a consumption that grows 30% yearly. The use of organic matter in agriculture is also widespread in Asia and Europe (Santos Jr., 2003) .
About 80 to 90 wt% of the organic matter found in the earth's crust is constituted of humic substances (HSs) (Aiken et al., 1985) . HSs play important roles in plant development. They reduce the hydric stress in plants (Altiere, 1999) . Due to their dark color, they contribute to heat retention in the soil which is beneficial for seed germination. Besides, they interact with the cellular metabolism of plants, facilitating the absorption of nutrients and enzymatic activity (Pimenta et al., 2009; Varazini et al., 1993) . They change the physical structure of the soil, stimulate microbial activity and promote the solubilization of complexes (Silva, 2001) . Numerous studies have shown the beneficial effects of HSs on specific crops, such as barley (AYUSO et al., 1996) , olive trees (Fernandez-Escobar et al., 1996; Murillo et al., 2005) , corn (Eyheraguibel et al., 2004; Andrade et al., 2004) , oats (Rosa et al., 2004) , grapes (Bassoi et al., 2005) and cocoa trees (Calima et al., 2005) . The effects of HSs on the growth of numerous species have been reviewed by Chen and Aviad (1990) .
Much of the HSs used in organic fertilizers is derived from leonardite, a material with a HSs content of over 90 wt%. In Brazil leonardite deposits are not found, so one has to consider other sources of HSs, such as mineral coal, lignite, worm compost and peat. Mineral coal is not an attractive source because it contains less than10 wt% in HSs (Clasen et al., 1998) . Lignite recovery is not economical. Worm composts contain up to 80 wt% of HSs, but are cumbersome and expensive for large scale production (Castilhos et al., 2008) . An attractive alternative is peat, which contains HSs in acceptable concentrations, varying between 20 and 40 wt%, and is simple to recover either from surface deposits or as a byproduct in sand mining (Davis, 1985) .
Peat is an organic-mineral fossil found in swampy areas, flood plains, plain coastal areas and lakes (Spedding, 1988; Davies, 1985; Fuchsman, 1980) . It is formed by the deposition of layers of sand, silt, clay and plant matter, which undergo microbiological and chemical transformations on a timescale of hundreds of years (Stach et al., 1975) . The resulting organic material is mainly originated from the chemically more stable compounds of the original plant tissues, such as lignin, cellulose and hemicelluloses, whereas the water soluble compounds such as simple sugars and amino acids are hardly present in peat (Fuchsman, 1980) . The organic matter found in peat can be classified as humified, partly humified and raw organic matter (Franchi, 2000) . The HSs in peat are a complex mixture of molecules of low molecular weight (Tsutsuki and Kuwatsuka, 1978) and high stability in comparison with non-humic substances. HSs are constituted of humic acids, fulvic acids and humins. Besides HSs, peat also contains resinous materials, carbohydrates related to cellulose fibers, lignin and inorganic matter, such as salts, sand, silt and clay. Peat can be classified in the following types (International Peat Society, 2013) : (i) light peat, which is little decomposed, generally reddish brown, with the organic portion containing more than 2/3 of vegetable fibers; (ii) dark peat, which is intermediately decomposed, with a fiber content of 1/3 to 2/3 of the organic matter; (iii) black peat, highly decomposed and having 1/3 of the organic matter as fibers.
HSs from peat may be processed into organicmineral fertilizers that may be applied in the soil, in fertirrigation or as foliar fertilizers to provide the benefits of organic fertilizers, as well as the mineral macronutrients needed for plant nutrition (Adriesse, 1988; Kiehl, 1985) . Organic-mineral fertilizers are particularly effective because they provide slow released nutrients and reduce nutrient leaching due to mineral adsorption and complexation with HSs (Kiehl, 1985) .
In this work a process is proposed for production of a fluid organic-mineral fertilizer from peat and potassium hydroxide. The latter compound simultaneously serves as an extractant for the HSs in peat and as a macronutrient for plant growth. So far, much is known about the alkaline extraction of HSs from peat, but this process has been studied mostly from an analytical perspective, so that conditions suitable for fertilizer production are not known. Therefore, this contribution is focused on finding the conditions that maximize the recovery of HSs from peat and that minimize the consumption of KOH while obeying the Brazilian legislation (MAPA, 2009) for fluid organic-mineral fertilizers, which specifies minimum mass fractions in the product for the total organic carbon and for the sum of macronutrients (N, P 2 O 5 e K 2 O) as 3 wt% each.
EXTRACTION OF HUMIC SUBSTANCES FROM PEAT
The classical procedure for HSs recovery from organic matter consists of an alkaline extraction of humic and fulvic acids, leaving a solid residue formed by humin and inorganic matter. Acidification of the alkaline extract promotes the precipitation of the humic acids, leaving fulvic acids in solution (Benites et al., 2003) . This procedure leads to the separation of organic matter into fractions that are mixtures of compounds with similar chemical characteristics (MacBride, 1994) .
Extractants containing hydroxides and sodium carbonates in concentrations of 0.1 N and 0.5 N are effective for removal of HSs from soil if used sequentially (Rosa, 1998; Rosa et al., 1999) . Separation of HSs from peat with a grain size below 0.21 mm was found to be optimal by using as extractant a 0.5 N KOH solution, an extraction time of 4 h and a peatto-extractant ratio of 1:20 (mass:volume) at 25 to 30 °C under a nitrogen atmosphere with mechanical agitation. It was also found that a larger amount of HSs of higher purity was obtained with KOH in comparison with NaOH. The method was effective in separating the HSs from peat, but delivered a diluted extract.
Although effective, alkaline extractants may partially hydrolyze or self-oxidize the organic matter (Stevenson, 1994; Rosa et al., 1998) . Extraction times of several hours are necessary because of the slow depolimerization of complexes of high molecular weight (Stevenson, 1994) . It has been observed in aerated solutions of pH values above 8 that the extraction is accompanied by substantial oxygen consumption.
Alkaline treatment also causes an undesirable contamination of the extracted HSs with co-extracted substances, such as silica, salts, clay, protoplasmatic and structural components of fresh organic tissues (Stevenson, 1994) . High temperatures should be avoided as they promote the degradation of amino acids present in the molecular chains of humic acids (Yamamoto et al., 1994) .
METHODS
Peats from four locations in Brazil were selected to represent a wide range of degree of decomposition. They were Fraga Rizzo peat, Darci peat, both from the region of Cravinhos, São Paulo; Florestal peat and Kurt peat from the city of Criciuma, Santa Catarina. Peat samples were obtained directly from peat producers in shipment/cargos. The in natura samples were not modified by any chemicals or additives. The collected peat was disc milled (Marconi, model MA 630/1), sieved for selection of particles smaller than 0.1 mm and homogenized for ten minutes in a Y mixer. The extractants were aqueous solutions of KOH prepared with analytical grade KOH and deionized water. The extractions were conducted in a 0.4L beaker with a diameter of 0.09 m and a height of 0.097 m provided with a four-blade 45 o pitched blade stirrer having a diameter of 0.04 m. The rotation speed was 300 r.p.m. No provision was taken to avoid the contact of the suspension with atmospheric air.
Exploratory extraction experiments consisted of mixing 20 g of dry peat with 100 mL of KOH solutions of concentrations of 0.5, 1.0, 1.5 or 2.0 M during 12 and 24 h. After extraction, the solution containing HSs was separated from the insoluble fraction containing humin by centrifugation at 2500 r.p.m. for 10 minutes. The experiments were performed in triplicate. All extraction experiments were conducted at room temperature (25 ± 2 °C). Details of the experimental methods are found in Saito (2012) . Additional experiments were performed in which the contents of both TOC and K 2 O in the peat-extractant mixture were varied, expressed as the quantities TOC FEED and K 2 O/TOC FEED , where the subscript "feed" refers to the peat-extractant mixture. The TOC FEED values varied from 0.86 to 6.17 wt% and the K 2 O/TOC FEED varied from 0.6 to 1.4 wt%. The extraction time was 24 h.
Finally, experiments were performed in an attempt to reduce the extraction times to 3, 6 and 12 h. In these experiments the TOC FEED was varied within the range of 2 to 4 wt% and the K 2 O/TOC FEED assumed the value of 1 wt%. Other conditions were as described before.
The peat and the extract were characterized with respect to the organic matter content, the total organic carbon (Ciavatta method) and the HSs content (humic and fulvic acids separately) using the method suggested by the IHSS, International Humic Substances Society. Electrical conductivity of peat was measured as an indication to the amount of salts. Visual and tactile observation of the peat was used for qualitative assessment of the collective presence of clay, silt and sand, as well as of the fiber content.
RESULTS

Peat Characterization
The organic fraction of peat is expressed either as the dry organic matter or as the total carbon content and its degree of decomposition is proportional to the content in humic and fulvic acids (Stevenson, 1994) . A low degree of decomposition is also visually assessed by a high fiber content. The inorganic content is inferred from the total carbon content (being low as the total carbon content is high), as well as from visual observation. The nature of the inorganic fraction is inferred from the electrical conductivity: a high conductivity indicates the substantial presence of salts, whereas a low value indicates that neutral molecules such as sand, silt or clay are present. The presence of these neutral compounds collectively is also visually observed. Tables 1 and 2 give the relevant physical and chemical characteristics of peats from the four different locations. The Fraga Rizzo and Darci peats have low organic contents and high degrees of decomposition in comparison to the Florestal and Kurt peats; therefore, their organic carbon are predominantly present in the form of HSs (for the Darci peat the sum of HA and FA even matches OM DB within experimental error, indicating that all of the organic matter is decomposed). These ideas are consistent with the visual observation of lower amounts of undecomposed fibers in the former two peats in relation to the latter two ones.
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The Darci peat has the lowest organic carbon content of all four peats; therefore it is the highest in inorganic fraction. Since the electrical conductivity is low, its salt content is low and its content in neutral inorganic molecules such as clay, silt and sand is high. Excessive clay in peat may negatively affect the amount of humic extract recovered by centrifugation during the industrial processing of peat.
The Kurt peat is more decomposed than the Florestal peat, as evidenced by the higher contents in humic and fulvic acids, as well as the less significant presence of decomposed fibers. The Kurt peat contains less dissolved salts (inferred from its lower electrical conductivity) and less inorganics (deduced from its higher TOC) than the Florestal peat. Inorganics are potentially harmful to industrial centrifuges due to the abrasive nature of their sand fraction. Table 3 summarizes the main characteristics of the four peats in relation to their quality as a raw material for the proposed organic-mineral fertilizer. The Fraga Rizzo and Kurt peats are probably suitable raw materials, given the high degree of decomposition and low amount of clay and sand.
Exploratory Extraction Experiments
Extraction experiments in which the peat-toextractant mass ratio was fixed were considered first. Figure 1 shows that the total organic content in the extract (TOC EX ) is generally higher for an extraction period of 12 h than for 24 h. This result is explained by the aeration promoted by agitation, which promoted oxidation of organic matter. Indeed, additional measurements (not shown) revealed that the organic content of both the extract and the solid residue decreased for extraction times from 12 h to 24 h. Figure 1 also shows that the TOC EX is higher for lower KOH concentration, expressed as the feed ratio K 2 O/TOC FEED . It is likely that the higher extraction rates are due to a faster diffusion coefficient for humic acids, which in turn are associated with a favorable conformation of the humic acid molecules in solution at lower pH and ionic strength values (Wang et al., 2001) . Figure 2 shows that the TOC EX is higher when TOC FEED is higher, that is, more HSs are extracted when the peat is richer in organic matter. From this perspective, a peat with a higher total organic carbon such as the Florestal peat should be preferred. However, for this peat the amount of TOC extracted per unit TOC FEED is less than with the other peats, because it has the lowest degree of decomposition and the highest salt content of all three peats (see Table 3 ). Therefore, both a high total organic content and a high degree of decomposition are desirable characteristics. In this comparison, the Fraga Rizzo peat is the most suitable raw material of the three as it delivers an extract within the commercial specification (a TOC EX of 3 wt%), provided that the K 2 O/TOC ratio is 1.5 or lower and the extraction time is 12h.
Choice of the Peat-to-Extractant Ratio
Extraction experiments are next considered in which the amounts of peat and extractant varied. Figure 3 shows that, as expected, the organics content in the extract (TOC EX ) increases with the amount of peat used (here expressed as the TOC content in the extraction mixture TOC FEED ). However, the amount of extracted TOC does not increase proportionally to the amount of peat. In order to evaluate this aspect quantitatively, the extraction efficiency is considered, which is defined as the ratio of the amount of total organic carbon in the extract to the amount of total organic carbon in the peat. Figure 4 shows that the efficiency is within the range of 65 to 98%, the highest values occurring when little peat is added, i.e., for lower values of TOC FEED . Figures 3 and 4 also show that both the extracted carbon TOC EX and the efficiency are inversely related to the K 2 O/ TOC FEED ratio. These results hold true irrespective of the peat source.
From the above, as the TOC FEED increases, the concentration of TOC in the extract increases, but the efficiency decreases. Therefore, in order to obtain a TOC EX of 3 wt% or more to meet the organic-mineral fertilizer specification, as well as a high extraction efficiency of 90 wt% or more, a TOC FEED of 2.57 wt% and a K 2 O/TOC FEED mass ratio of 1 would be suitable choices for both the Darci and the Kurt peats. 
Choice of the Extraction Time
Since extraction periods of 12h were more effective than 24 h, further experiments were performed with shorter periods of time. Figure 5 shows that, independent of the peat source, extraction times smaller than 12 h lead to lower concentrations of TOC in the extract (TOC EX ) and to lower extraction efficiencies.
Therefore, an extraction time of 12 h appears to be the best value among the investigated values, irrespective of the peat source. It is concluded that this period of time is necessary to break the bonds between the inorganic components and the organic matter of peat, as well as to depolimerize high molecular weight complexes, thereby solubilizing the HSs. Longer periods of time favor the oxidation of the HSs. 
CONCLUSIONS
A process was developed for the production of an organic-mineral fertilizer containing HSs and potassium. The process is based on the alkaline extraction of HSs from peat. Peats suitable for organic-mineral fertilizer production should be rich in organic matter and well decomposed in order to provide a high HSs content in the extract and a high extraction efficiency. They should also contain little fiber and inorganic components such as sand and clay, which negatively interfere with the separation of the solid residue. The extraction efficiency was found to be inversely related to the amount of alkali added. A low value of 1 is suggested for the mass ratio of the potassium extractant to the total organic carbon in the extraction mixture (K 2 O/TOC FEED ). The peat-toextractant ratio is directly related to the extractant TOC and inversely related to the TOC extraction efficiency. Therefore, in order to obtain both an organic carbon content in the extract (TOC EX ) of at least 3 wt%, which meets the organic-mineral fertilizer specification, and a high extraction efficiency of 90 wt% or more, the peat-to extractant ratio that corresponds to a total organic content in the extraction mixture (TOC FEED ) of 2.57 wt% would be a suitable choice. The extraction efficiency was found to increase with time up to 12 h and to decrease thereafter due to the oxidation of the organic fraction. 
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